Neighbourhood population composition affects the willingness to pay for housing units. This paper utilises a large and rich data set and hedonic regression techniques to disentangle the effect that neighbourhood affluence and presence of inhabitants with an immigrant background have on home prices. Furthermore, we specify an empirical model in a way that also enable us to test for the effect of diversity, both in terms of income levels and of the composition of the immigrant population of a neighbourhood. The hedonic model can be viewed as a variety of an amenity interpretation of the population composition of a neighbourhood. Estimation of effects of population composition is not straightforward as there is good reason to believe that population composition is both endogenously determined together with house prices and that area level omitted variables could bias estimates. This is addressed by lagging the composition measures and by formulating two different models that address these difficulties in different ways. We estimated one random effects model that instruments within neighbourhood variation in population composition and one fixed effects model that control for omitted variables. We find that coefficient estimates are robust across these specifications.
Introductory remarks
If you read newspapers, and especially the comment fields under articles dealing with neighbourhood change and mix, you most certainly get the impression that many people care about the socio-economic and ethnic composition of their neighbourhoods. The same impression holds true if you talk to local inhabitants, or if you stay at home reading highly ranked academic journals as e.g. the American Economic Review or Journal of Political Economy (Hoff and Sen (2005) , Sethi and Somanathan (2004) and Wigren (1987) ). People care for social and ethnic mix simply because they care (i.e. preferences), because others (are believed to) care or because they believe that certain mixes yield undesirable outcomes -while other mixes contribute to more desirable outcomes. When people have preferences towards the socio-economic composition of neighbourhoods, this will be reflected in their residential locational choices and, hence, housing markets.
Parallel to this, recent developments have shown that a relative large entry of immigrants to urban areas mainly from developing countries, has contributed to significant growths in population. By way of example, the immigrant share of the population in Norway in 1990 was around 4 %. In 2014 the per cent of immigrants was almost 15. The growth has been particular strong in the Oslo area, where 31 % of the population are immigrants or have immigrant parents (Statistics Norway). This has contributed to an increase in the demand for housing, but more importantly, it has made many residential areas more ethnically diverse than they used to be. To some extent this may augment or change the variation in real estate prices within an urban landscape. In addition to traditional important spatial structure characteristics like access to labour markets, housing prices may have become more profoundly related to socioeconomic composition or structure of neighbourhoods.
House price differentials between immigrant-dense and not so dense areas are not much studied in a Norwegian, or even a European context. The US have a much longer history with mixed societies and the topic has popped up more or less regularly, at least since Bailey (1959) and Bailey (1966) . As we test for tipping points, our study also relates to the emerging literature on tipping in majority shares as a neighbourhood becomes more minority dense, Card et al. (2008) . Hence, even though our topic Putting a price on your neighbour is somewhat uncomfortable, we will claim that understanding the interplay between population composition and prices of owner-occupied housing is crucial in understanding neighbourhood change. The tragic history of racial tension and urban decline in Detroit and the drivers of change there as described by Galster (2012) , can serve as an illustration. His descriptions of the (sometimes violent) actions taken by some people to protect the 'value of their property' from the threat of black in-migration most certainly warrants a study of possible tipping of house prices in a situation with a growing non-native population in many of our neighbourhoods.
This paper is an empirical investigation of how different characteristics of neighbourhood mix affect prices of owner-occupied housing in the wider Oslo metropolitan region. This study area is very proper for the analysis to be formed, given that the vast majority (around 80%) of households own their houses. This is also the case for immigrants, and 63 % of this group owns the dwelling they live in Blom and Henriksen (2008) . We do not use information on ethnicity or citizenship when defining who belongs to a minority. Rather we use what Statistics Norway term land background. It is a classification based on the country of birth of both a person and of her parents. As such it is a kind of country of origin measure.
Empirically we use the hedonic method of Rosen (1974) , which is a revealed preferences approach, based on market outcomes. To be more specific, the approach that we use originates from Yinger (1976) in which neighbourhood composition is treated as an amenity that capitalizes into house prices. In order to identify the implicit prices of the studied neighbourhood characteristics we need to compare the prices of equivalent houses. There is, hence, a need to control for a battery of other observable and unobservable factors. According to Bayer and McMillan (2008) unobservables may be of a particular concern when the focus is on aspects related to racial preferences in relation to housing prices. They argue that there may be systematic correlation between unobserved neighbourhood quality and the proportion of immigrants. We address this topic in part by using a fixed effect approach and in part by using a random effects approach that enables us to distinguish between within and between extended neighbourhood variations in the population composition.
Our analyses can be seen as a confrontation between a rich and close to full coverage empirical data set on cross-sectional variation in home prices in the Oslo region, Norway, and two different strands of literature. On the one hand, we have the white flight/avoidance literature that treats (some) minorities as a nuisance that some agents undertake costly action in order to avoid, Yinger (2014), Cutler et al. (1999) and Bailey (1966) . On the other hand, we have the Florida-inspired literature that focus on productivity gains from a diverse population and a diverse set of consumption possibilities arising out of a culturally diverse population, Ottaviano and Peri (2006) , Nathan (2012) and Bakens et al. (2013) .
The larger part of the paper is about correlations that can be interpreted within the frame of a set of hypotheses derived from prior empirical and theoretical studies. We demonstrate e.g. that the share of neighbours somewhat dissimilar to the majority pushes home prices downwards and that the median neighbourhood income commands a positive price response.
The evidence on the effects of diversity is less clear-cut.
In the next section we briefly present some theoretical arguments for the hypotheses tested in the empirical analysis. Secondly, we give a short overview of findings in the hedonic house price literature that are relevant for our research. Then we discuss how to specify an empirical model. Next, we give some empirical background before we proceed with the empirical results on price variation in the Oslo region. Here we do both test for discontinuities in the price process and undertake some sensitivity analyses. Finally, we provide concluding remarks.
Preferences, sorting and home prices 2.1 Preferences over neighbourhood mix
Throughout the paper, we take as a basic premise that people prefer some (types of) neighbours to others. Starting from this, we test whether and to what extent such preferences feed into house prices. In the literature there exists direct attempts to test for such preference, e.g. the card-experiments where respondents rank hypothetical neighbourhoods with different mixes in a stated preference setting, see Farley et al. (1978) and Charles (2003) . There have been proposed different answers to the question of why individuals care for who their neighbours are.
A simple answer is that people care because they care. In other words, some hold a kind of Beckerian preferences over the land background, or even ethnicity, of their neighbours. Other answers that has been proposed in the literature is that cultural distance reduces the efficiency of communication, and consequently increases the burden of misunderstandings, and that enforcement of (both implicit and explicit) contracts is more cumbersome across cultural 'borders ' (Alesina and La Ferrara (2005) ). The neighbourhood is an arena of random meeting with people, Li (2014) hypothesise that the benefits this kind of informal network provide is more valuable if it facilitates random meetings with your 'own' kind.
It has been demonstrated that even quite weak preferences for not being a minority can yield strongly segregated spatial outcomes (Schelling (1971) ). Furthermore, under not very unrealistic conditions a complete segregation can arise even if everyone prefers to be a minority to being a majority in the neighbourhood. This result can arise if you prefer to be part of a dominant majority to being part of a very small minority (Zhang (2011) 3. Housing prices and neighbourhood mix: Some results from the hedonic house price literature
Neighbourhoods may be defined as "the bundle of spatially based attributes associated with clusters of residences, sometimes in conjunction with other land uses" (Galster (2003) ).
When present, perceived and valued, these spatial attributes capitalize into housing prices. In this way the overall value of neighbourhoods may be determined by inter alia, accessibility to labour markets (Osland and Thorsen (2008) ), access to more or less clean environment (Yinger (2014) ), or shared social demographic features like the risk for crime (Dubin and Goodman (1982) ), and ethnic diversity or homogeneity (Li, 2014) ).
An overview of results on neighbourhood characteristics in the hedonic house price literature is found in Chin and Chau (2003) . A summary of the literature of racial discrimination and prejudice in the US, and how these features capitalize into the price of housing is provided by Zabel (2008) . He finds that the bulk of studies are based on data from the 1970's, and there are relative few recent studies; mainly due to the lack of relevant data. Notable exceptions are DeSilva et al. (2012) and Li (2014) , both based on US data. Li (2014) study the impact of ethnic diversity on housing prices by using a range of different panel data methods to rule out the possibility of coefficient bias. One robust result is that neighbourhoods with relatively homogeneous minority populations are higher priced than neighbourhoods with more diverse minority compositions. DeSilva et al. (2012) emphasize that the empirical literature on how race and ethnicity impact on housing markets has primarily studied two issues: Whether minorities pay more than whites for an equivalent house; and whether the presence of minorities have a negative impact on housing prices (page 242). The older literature does not agree on the answer to these questions (DeSilva, 2012) . More recent papers also show varying results, dependent inter alia on model specification (Baumont (2009) . It is argued that biased results are probable because of misspecifications, unobservable and unmeasurable features and sorting (Bayer and McMillan, (2008) ). One frequently mentioned problem is the strong correlation between ethnic compositions of neighbourhoods and other physical or social demographic neighbourhood characteristics, many of which are not included in the model specifications.
In spite of the long term interest in the impacts of race, ethnicity diversity and other social characteristics, it is probably correct to claim that this is currently an understudied area in housing market studies (Visser et al. (2008) ; Herath and Maier (2010) ), and the results differ substantially mainly due to data and endogeneity issues. Moreover, most papers are based on US data, where the degree of racial or ethnical transitions and level of segregation of neighbourhoods are more prevalent, have a far longer history and a different structure (Zabel, (2008) ; Moye (2014)). The results found in these studies, may, hence be less relevant in a European or Nordic setting.
To our knowledge, Wigren (1987) is the only Scandinavian study relevant to this analysis. He aims at finding the determinants of owner-occupied housing in Sweden. He uses the share of inhabitants in a neighbourhood voting for the Conservatives as an indicator of socioeconomic status. As hypothesised, this variable significantly adds a value to a housing unit. Arguably, one could interpret this as a kind of social capital effect; and may capture much of the same as we do with our measure of neighbourhood income. Another relevant study is from Reading and Darlington (UK); here Cheshire and Sheppard (1998) find a negative price elasticity of the share of African-Caribbean population in a ward with an absolute value above 1.
Hence, there should be room for an analysis of the interdependencies between population composition and house price variation in a European setting.
Specification of our empirical model
Specification of an empirical model is (almost) always constrained by the type of data we have access to. We will here not start out with a detailed description of specification in a perfect case and discussion of how to cope with the fact that data deviate from our conception of the perfect data to test our hypotheses. Still we will point to facts that limits our choices of specification. Firstly, we are not able to identify repeat sales and we do not have a long timeseries, hence a difference-in-difference design is not feasible. Second, as we do not have access to any information about buyers we are not able to identify any differences in preferences (or marginal willingness to pay) between groups. Our estimates should consequently be interpreted as characteristics of the envelope of marginal bid functions of the market participants. Roughly formulated, the estimated coefficients capture the marginal willingness to pay of the 'market'.
Our econometric model should be a frame for testing hypotheses on how population composition in the neighbourhood affects prices. If population composition is independent of other explanatory variables one could simply fit an OLS model to the data in order to obtain estimates of the coefficients of the variables describing population composition. Furthermore, if there are omitted variables at the neighbourhood level that do not co-vary systematically with the population composition variables we primarily are interested in, we could have increased the efficiency of the estimates by including neighbourhood random intercepts.
Unfortunately, there exist sound theoretical arguments and empirical evidence that the conditions for an OLS or a straightforward random effects model to be suitable is violated. In order to estimate the marginal effects of variations in the neighbourhood population composition and moments of the local income distribution we will test out two empirical strategies. First, we utilise an idea described by Zabel (2008) . That is, we utilise the fact that we have census tracts nested within clusters of tracts that according to Oslo municipality form natural neighbourhood, and estimates a fixed cluster-of-tracts (hereafter termed: extended neighbourhood or simply neighbourhoods) effect model. Second, we follow Rabe-Hesketh and Skrondal (2008) and formulate an instrumental variable that (test for and) removes the correlation between an extended neighbourhood level random effect and our measures of population composition. Both of these two approaches distinguish between a kind of within and between extended neighbourhood variation and both of them can be interpreted as special cases of the expression.
(1) = + ( + * ̅̅̅̅ + * ) + + is the log of the price of house i, at location j, at a given point in time. The vector of explanatory variables are divided into different sets: is characteristics specific to a housing unit i, measure different dimensions of the population composition at the tract level, * ̅̅̅̅ is the average value of the population composition measures within the extended neighbourhood and is other tract level characteristics. Note that we use subscript j to identify census tracts while j* is used to identify clusters of tracts. The prime parameter vector estimated in the model is while andare estimated coefficients of different controls. The individual level residual is assumed to be standard normally distributed with zero expectation and constant variance.
Different ways of treating the cluster-of-tracts effect * and constraints on coefficients yields the two models we utilise in the reminder of the paper. For short, we will term the two models the augmented random effects model (aRE) and the fixed effects model (FE).
The augmented random effects model:
This model treats the * as a cluster-of-tracts-level residual: * ~( 0, ). A problem is that the random effect model does not solve the problem of potential bias in the estimated coefficients of the population composition variables due to omitted neighbourhood characteristics. However, a RE-specification where the within-cluster-of-tracts averages of the population composition measures is included, remedies the potential bias due to correlation between * the coefficients of interest, Rabe-Hesketh and Skrondal (2008) . Equation (1) is (with one minor exception) equivalent to:
The term ( − * ̅̅̅̅ ) is obviously not correlated with * , as the mean centring by design removes any such correlation, this is the reason why Rabe-Hesketh and Skrondal (2008) term this a instrumental variable approach. The effect of this is that is an unbiased estimator of the within-cluster-of-tracts dependency between population composition and housing prices.
Direct estimation of (1) and (2) give identical estimates of both coefficients and standard errors, except for the estimated . Using (1) will be an estimate of the difference between the within and between clusters-of-tracts-variation in the effect on housing prices 2 , while (2) gives an estimate of the between clusters effect.
The fixed effects model (FE):
The FE-model is estimated by using dummy variables for each of the 173 clusters-of-tracts.
Obviously, this consumes a larger number of degrees of freedom; this is, however, not any major concern when fitting the model on close to 100,000 observations. This model constrains the 's to equal zero; or to say it in another way, the 's is not identified under the FEapproach as the between variation is absorbed into the set of clusters-of-tracts dummies.
The major advantage of using the fixed effects approach is that these will capture an unobserved [..] characteristics that are correlated with the percent non-white and hence will alleviate any associated bias, (Zabel, 2008) p. 192 . Hence, the FE-approach will improve our estimates of the -coefficients.
Housing attributes
In our regression models, we include a continuously varying measure of size and dummies for year of construction and four different house types. The size measure is interacted with the house type dummies, allowing for different prices of floor space in different house types. For housing units located in blocks of flats we also include an indicator of floor at which the unit is situated. Admittedly, this set of explanatories is rather parsimonious. One can note that both Bakens et al. (2013) and Ottaviano and Peri (2006) rely primarily on aggregate prices per square meter when they study country background diversity and cross city variation in home prices. Hence, even though our controls for housing attributes are coarse we do control for some of the most important sources of unit specific variation in both price levels and prices per square meter.
Regional accessibility variables
Modelling of spatial interactions follows Osland and Thorsen (2008) . In this paper, regional accessibility is captured by two variables: distance to the central business district (CBD) and access to labour markets. These two variables capture the major part of the intraregional spatial variation in housing prices (Osland and Thorsen, 2013) . The estimated coefficients are interpreted as the effect of "urban attraction". The variable captures households' evaluation of the various urban amenities found in the CBD of the metropolitan area. In contrast with
Osland and Thorsen (2008) the urban attraction effect is not assumed to be isotropic or ringlike. We hypothesise that the influence of travel time depends of the direction in which you travel. Consequently, we interact the travel time variable with dummies describing whether the housing unit is locate to the North, the South or the West of the City hall. Hence, we measure the effect of travel time on house prices along three rays starting approximately at the Oslo City centre. Where distance should be measured from is determined by the data. We choose the postal zone as the CBD that maximizes the explanatory power of the model (R 2 ).
Access to labour market is important for housing prices. Following Osland and Thorsen (2008) we apply a gravity-based accessibility measure (Hansen, 1959) . This measure captures the potential for interaction between an origin j and all the postal delivery zones k in the study area, so that the sum of jobs in each destination j, is weighted by a distance decay function as follows:
In the above expression represents employment in postal delivery zone , is driving time between zone j and k measured in minutes, while is a parameter estimated by using a Maximum Likelihood estimator. The estimated value of the distance deterrence parameter is imputed into the above expression, and ACCj can subsequently be used as a variable in the regressions to follow.
Local neighbourhood attributes
Local neighbourhood attributes are those observed characteristics of the neighbourhood that are part of the vector . We distinguish between neighbourhood attributes that primarily work as controls in our analysis contained in , and the variables of prime interest: the composition of the population in the neighbourhood contained in . The set of k neighbourhood controls include e.g. composition of the housing stock and share of public housing units in the neighbourhood. All these variables are measured at the census tract level.
In the FE-model, * control for unobserved neighbourhood attributes (shared) at the clusterof-tracts level.
Neighbourhood composition
Our prime interest in this paper lays in the estimations of the coefficients of the population composition covariates that we describe in this section. As discussed earlier, there are arguments related to social capital and agency to hold preferences over the affluence of neighbours (Hoff and Sen, 2005) . This is also a characteristic of the equilibria in the sorting model of Sethi and Somanathan (2004) . Our model should therefore include a measure of the income level of the neighbourhood, facilitating tests of the role of income in the sorting process. I.e. we should test whether high-income neighbours is an asset that demanders in the housing market have a willingness to pay for. We have chosen to measure the income levels in the neighbourhoods as the log of the median income among males 35 to 60 years of age.
The empirical formulation should also be a frame for test of whether a varied population in terms of income (conditional on the median income) is considered a positively valued asset in a neighbourhood. Income diversity (or spread) can be measured in a large number of ways.
Here a simple approach is chosen. We use the standard deviation in the income distribution of the middle-aged male income. As opposed to the median, the standard deviation is sensitive to presence of some extreme outliers -and we get some extreme values. To avoid that these extreme outliers influence the results to much, the values of the standard deviation is truncated at 500 (thousands NOK). This corresponds to the 99-percentile in the distribution of neighbourhood median incomes. The truncation is done in order to avoid letting the extreme income observations of some individuals in some neighbourhoods influence the estimation results to strongly. As a test we include a dummy equal to unity for neighbourhoods (here tracts) where the SD-measure has been truncated, and zero elsewhere.
The next question we address is whether there exist preferences of the country background of neighbours that feed directly into prices of housing units. One particular aspect we would like to draw attention to is the fact that it is not correct to describe the Oslo population as consisting of one large majority and one minority. Rather we have one large majority, Native We hypothesise that the main channels for causal effects from the composition of the population according to country background to cross-sectional variation in home prices goes through cultural distance, recognisability and/or contribution to consumption diversity. In order to capture this, we chose to use the aggregate share of inhabitants from Africa and Asia (AA) measured at the census tract, as part of our set of explanatory variables.
One could explore whether agents hold preferences over minorities that differ in intensity and character between groups, and consequently that the presence of different groups correlate 
Some other issues on specification
Our estimated price regressions should be interpreted as an investigation of whether the correlations between prices and our explanatories are consistent with our prior expectations based on the discussion earlier on in the paper and existing studies. Still, we want to avoid, as far as possible, problems of simultaneity between prices, minority shares and the income measures used. We reduce these potential problems by lagging the explanatories describing In the empirical analysis, we are also utilising information at a clusters-of-tracts level. For some dimensions, the immediate neighbourhood matters most and for others an extended neighbourhood are more important. For example, schools cover more than one census tract and population composition at schools are important for house prices, Fiva and Kirkebøen (2011). The arguments for diversity are local in nature, Ottaviano and Peri (2006), but maybe not as restricted as a census tract. A final argument for using also clusters-of-tracts is that it enables us to improve considerably on our specifications. Within the aRE-model the use of two nested spatial levels enable us to distinguish between the effects of between and within variation of the population measures of interest. In the FE model, the census-of-tracts dummies control for unobserved attributes shared at the cluster-of-tract level.
Empirical background and data
We Price data is taken from the net-based Housing for sale-portal, Finn.no, these data are updated with actual transaction prices when a unit is sold. We use data on transaction over the period [2009] [2010] [2011] [2012] . Note that the price variable consists of sales price 5 . Time trends in the data is captured by year-dummies -we regard the time span as short enough to be comfortable with the embedded hypothesis of time-invariant coefficients in the price equations. Finn.no covers more than 90 percent of the sales in the area. Information on population composition is taken from population registers, income distribution in neighbourhoods are taken from tax registers while information on the housing stock is taken from the 2001-census. We regard data from all these sources to be of very good quality.
Distances are measured by shortest travelling time by car in minutes between postal delivery zones. We account for speed limits. Employment data in each postal delivery zone used in the calculation of employment accessibility measure (4) is based on data from Statistics Norway. 
Estimations and results
The two empirical models (the augmented random effects and the fixed effects model) described above has been estimated in order to shed light on the interdependencies between home prices and composition of the population. We present only the parameters of prime interest. The full estimations of the fixed effects model is placed in the Appendix. Other estimations results are available on request. They show e.g. that the coefficients of the not reported control variables are similar of both sign and magnitude in the two estimated models.
One might note the combination of a relatively good fit (as measured by the R 2 -measures) and by the fact that the signs of the coefficients of the variables that primarily act as controls are in line with a priori expectations and prior research, enhances our trust in the estimated models. First, consider the random effects model. The coefficients starting with the mn-prefix is the coefficients of the cluster-of tracts mean of the variables indicated after the prefix. As argued above they capture the difference between the within and between (cluster-of-tracts) effects of variations in the covariates. For the share of Africans and Asians in the neighbourhood, the size of the largest minority and for the standard deviation of the income there is no significant difference between the within and between effect. As the estimated coefficients of the within effects can be interpreted as instrumental variable estimates we have confidence in them, Rabe-Hesketh and Skrondal (2008) . There is, however, a significant difference between the within and the between income effect.
Next we consider the coefficients of the within variation of the explanatories. All of them are significantly different from zero-and they are similar to the within estimates that the fixed effects model yields. This adds to our confidence in the estimated coefficients. Because of the similarities between the FE-and aRE estimates we will stick to the somewhat easier interpretable FE-estimates when we interpret and discuss our empirical findings.
The coefficient of the share of inhabitants with an African or Asian country background in the neighbourhood is -0.207. Roughly speaking this means that an increase from zero to one (i.e. all) decrease house prices by approximately 20 percent. This technical interpretation is however extrapolating far beyond the variation in our data and is, consequently not very interesting. The lower quartile in the distribution of the AA-share is 5.6, while the upper quartile is 18.7 percent. Our estimated coefficient predicts that prices decrease by 2,7 percent when the AA-share goes from the lower to the upper quartile. A movement from the 1 st to the 9 th decile (i.e. going from an AA-share of 4.1 to 32.1 percent) reduce prices by 5.6 percent.
Contrary to our prior belief, and the results of Ottaviano and Peri (2006) and Bakens et al.
(2013), we do not find that a single dominant group within the population from Asia and Africa leads to lower prices than a diverse population from this regions does. Quite on the contrary house prices seem to be significantly increasing in the share that the single largest minority has in the AA-population of the neighbourhood. The estimated effect in our sample is, however, not large in magnitude. Using our estimates to predict prices at the 1 st and 9 th decile of the relative size of the largest minority increases prices, but only by 1.5 percent.
As we measure the neighbourhood (median) income by its natural logarithm in our empirical model, and our dependent variable is the log of the price of a housing unit, the coefficient can be directly interpreted as an elasticity. Consequently, a neighbourhood A with a one percent higher median male income than its neighbouring neighbourhood B, is expected to have a 0.13 percent higher home price level than neighbourhood B has.
The coefficient for income spread, as measured by the standard deviation of the income distribution, is significantly larger than zero. This is consistent with our hypothesis that most people (included home buyers) appreciate having different types of people around her -at least when it comes to income. In order to illustrate the magnitude of this effect we do again compare predictions at the upper and the lower quartile of the explanatory variable. Increasing the income diversity from a distribution with a SD of 161 (thousands of) NOKs up to 378 (i.e. a movement from the lower to the upper quartile) increase house prices by 3.8 percent. The model also include a coefficient of an indicator for whether the SD has been truncated or not (SD trunc dummy). Hence truncation does not seem to cause any harm to our estimations.
Our estimation results are (with one exception) consistent with the theory-based expectations.
The magnitude of the impact from population composition into home prices is significant different from zero and substantially non-neglible, but we would add, they are by no means dramatic. The paper continues by first testing for any possible non-linearities in the responses towards variations in the share of inhabitants with an Asian or African country background in the neighbourhood, and then it proceeds by some sensitivity tests. Both the sensitivity tests and the test for non-linearities will done within in the FE-modelling frame.
Discontinuous price responses: Tipping?
In a much-cited article Card et al. (2008) demonstrate that majority population shares reacts in a highly non-linear fashion to changes in minority population. As the non-majority share passes through a tipping point, the majority share falls at an accelerating speed. The majority share falls rapidly because the housing demand of a majority of the majority population is directed elsewhere. It is natural to ask oneself whether prices of owner-occupied housing consequently declines at an accelerating speed as a major part of majority demand is withdrawn. Card et al. (2008) argue that even if there exists a tipping point for the majority share, there need not be a tipping point in prices or rents. Their own empirical findings indicate that there is no tipping point in home prices (nor in rents) as the minority share passes the tipping point for majority shares. Still, we will test for break point in home prices.
Is there are any non-linearities in the relationship between the (log of) home prices and the share of minorities? To put it differently, are there any break points in the price response of the minority share? In order to test for this we follow a two-step procedure proposed by Card et al. (2008) . First, calculate a series of price regressions containing a dummy for minority share above a threshold m', where m' is varied in short steps. If there exist a break point (or a tipping point) m*, the R 2 of these regressions will monotonically approach a maximum as one moves toward the break point, both from above and below. m* will coincide with a break point, if there exist a tipping point. Hence, m* is a candidate tipping point, but not necessarily a tipping point. Furthermore, if m* is well defined and is demonstrated not to be a tipping point, there does not exist any tipping points. Using this procedure, we find a candidate tipping point at an Asian-African share of 21 percent.
In order to test whether m* really is a tipping point include a spline at 0.21 in the FE-model, this tests for a gradual increase in the trend of falling prices as the AA-share passes through the candidate tipping point. The spline formulation gives a slope of the AA-share above the candidate tipping point that is significantly lower than the slope below the candidate tipping point. Hence, our empirical data enable us to reject a hypotheses of no tipping point in the interdependency between (the log of) home prices and the share of inhabitants with an Asian or African country background in the neighbourhood. To illustrate the magnitude of the 'break-point effect' we observe that increasing the AA-share with 5 percentage points from a level below the break point decrease house prices by 0.8%, while a similar jump from a point above the break point decrease prices by 1.1%. To our comfort we also observe that the other coefficients of interest are very similar in the models with and without the spline.
Price responses above and below the candidate tipping point is hence, quite similar in magnitude, even though the spline is significantly different from zero. It might be that it is a bit of an exaggeration to use the term tipping point in this context. However, some of the US experience, in particular during the late sixties and seventies make it appropriate to test for this in a setting where the immigrant population has grown strongly in some of the neighbourhoods of Greater Oslo.
Some sensitivity analyses
In order to assess the robustness of the empirical model we have estimated it on a number of subsets of the total sample. First, we estimate models separately for flats in blocks-of-flats and for single-family houses. Even though some small differences can be seen, the main impression is that the similarities between coefficients in the two market segments are remarkable -and they bear a close resemblance to the estimates of the FE-model estimated on the full sample. One can interpret Table 4 as a demonstration that the differences of the mechanisms studied in this paper is quite similar across market segments defined by house type. We then investigate whether this also holds for geographically divided markets. I.e. are the coefficients similar in the municipality Oslo to those in the wider Oslo housing market? What about the surrounding municipalities? Also for the estimations based on the transactions in the Central Oslo and for the periphery of the Wider Oslo housing market we find quite similar patterns. One may though note that the dummy identifying census tracts where the standard deviation of the income distribution has been truncated turns up with a significant coefficient in both the capital in the surrounding municipalities. However, we would say that these sensitivity exercises taken together do raise our confidence in the main estimates of the paper.
Concluding remarks
This paper tests how home prices in the Oslo region vary with central characteristics of neighbourhood population composition. Attractivity, bids and hence home prices is expected to be positively affected by neighbourhood affluence (measured by the median income of males 35-60 years old) and negatively affected by the share of Africans and Asians.
Furthermore, we test for the correspondence between diversity in both income and country background. These tests are done within a hedonic price frame. We also find that income diversity feeds positively into house prices. Our tests do, however, not support the hypothesis that a single group dominating the AA-population give a lower price than a diverse AApopulation does, quite on the contrary.
The results discussed above are all significantly different from zero in a statistical sense. We would still claim that the estimated effects are by no means of any dramatic magnitude. The same applies for our tests for tipping as the AA-share passes through a threshold. Even though price responses above a candidate point is significantly stronger than below, the difference is of a minor magnitude.
The paper reveals structures in home prices and sorting in the Oslo housing market. Next steps to be taken in order to gain further understanding of these processes is to facilitate studies that more explicitly addresses the questions of change and of causal links between population change and house price changes. Furthermore, there is a need to obtain data that links information on transacted properties and individual characteristics of the buyers. This would enable empirical analyses of group differences of the preferences of neighbourhood population composition. 
